It is not known whether the lack of antibody response against human papillomavirus (HPV) type 16 E6 and E7 among some cervical cancer patients is due to naturally existing sequence variations. In this study, naturally occurring HPV-16 E6 and E7 variants (including the prototype) were cloned, antigens were expressed by in vitro transcription and translation, and the humoral immune response of 34 HPV-16-positive cervical cancer patients was analyzed by radioimmunoprecipitation assay (RIPA A causal association between cervical cancer and human papillomaviruses (HPVs), of which HPV-16 has the highest prevalence, has been established by molecular, biological, and epidemiological studies [1] . The HPV-16 oncogenes E6 and E7 are consistently expressed in cervical cancer cell lines, as well as in biopsy specimens from patients with cancer, and they play a key role in HPV-induced carcinogenesis [2] . Antibodies against HPV-16 E6 and E7 are strongly associated with HPV-16-induced cervical cancer [3] . Serological assays, such as radioimmunoprecipitation assays (RIPAs) or ELISAs, performed by using the entire E6-or E7-prototype protein under native conditions have a sensitivity and specificity higher than those of assays using denatured proteins or linear peptides [4, 5] . However, 20%-40% of patients with HPV-16 DNA-positive cervical Informed consent was obtained from all subjects, and the study was approved by the ethics committee of Friedrich-Schiller University, Jena, Germany, July 1998 (approval 0077-7/98). carcinoma lack antibodies against E6 or E7 or both. Previous studies showed that distinct HPV-16 sequence variations exist [6] . HPV-16 E7 is highly conserved, and only a minority of sequence variations lead to an amino acid change [7, 8] . Sequence variations of HPV-16 E6 were detected in 50%-90% of cervical cancer patients [6, 9, 10] , and specific variants might serve as additional risk factors for cervical cancer. Variations in amino acid sequence were detected in 19 (56%; E6) and 0 (E7) of 34 HPV-16 DNA-positive cervical cancer patients, who were part of a group of 37 patients described elsewhere [10] . In the present study, we examined the effect of the HPV-16 E6-variant status on seroreactivity.
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Patients and Methods
Patients. Sera and biopsy specimens from 34 patients with clinically diagnosed cervical cancer and confirmed HPV-16 infections were collected at the Department of Gynecology, FriedrichSchiller University, Jena, Germany, during 1995-1998. The median age of the patients was 43 years (range 26-74 years). Squamous cell carcinoma of the uterine cervix (33 patients) and adenocarcinoma (1 patient) were histologically diagnosed, according to the staging categories of the International Federation in Gynecology and Obstetrics (FIGO), as stage I in 21 patients (62%; median age 41 years), stage II in 10 patients (29%; median age 46 years), and stage IV in 3 patients (9%; median age 57 years). Sera were stored at Ϫ20ЊC until use. Sera of 3 patients who were negative for HPV DNA and who had negative cytology were included as controls.
Cloning of HPV-16 or HPV-18 E6 or E7 open-reading frames (ORFs).
Nested polymerase chain reaction (PCR) and sequencing of the biopsy samples from the 34 patients with confirmed cervical cancer were described elsewhere in a sequence-variation study [10] . Ten picograms of purified, nested PCR fragments, spanning the region of HPV-16, nucleotides (nt) 57-890, was used to amplify the E6 and E7 ORFs with designed primers. To clone prototypes, 1 pg of the plasmid containing HPV-16 or HPV-18 was used to amplify the ORFs. The E6 and E7 sense primers from HPV-16, 5 -TCCTCTGCAGGCAATGTTTCAGGACCCACAGG-3 (nt 101-122) and 5 -TCCTCTGCAGATCATGCATGGAGATACA-CC-3 (nt 559-578), and from HPV-18, 5 -AAAACTGCAGACAC-ACCACAATACTATGGC-3 (nt 90-109) and 5 -AAAACTGCAG-ATAATATTAAGTATGCATGG-3 (nt 578-597), include the recognition sequence for restriction enzyme PstI and for the antisense primers for EcoRI. The sequences of the antisense primers are as follows: for E6 and E7 of HPV-16, 5 -TCCTGAATTCTGAT-TACAGCTGGGTTTCTC-3 (nt 562-543) and 5 -TCCTGAA-TTCGGTAGATTATGGTTTCTGAG-3 (nt 845-864); for E6 and E7 of HPV-18, 5 -CCGGAATTCTTAATATTATACTTGTGT-TTC-3 (nt 587-567) and 5 -CCGGAATTCTGTTGCTTACTGCT-GGGATGC-3 (nt 913-898). The PCR started with a denaturation step of 4 min at 95ЊC, followed by 40 cycles of a denaturation step at 95ЊC for 1 min, an annealing step at 55ЊC for 2 min, and a chain-elongation step at 72ЊC for 2 min, and ended with a final elongation step at 72ЊC for 4 min. To confirm the sequence of the plasmid DNA, the ORFs of the HPV-16 and HPV-18 E6 and E7 prototypes and the 5 HPV-16 E6 variants were analyzed from both orientations by primer-cycle sequencing by using the M13 reverse or M13 universal primer.
In vitro transcription/translation and RIPA. The plasmids pBK-CMV, containing the HPV-16 or HPV-18 E6 or E7 prototype or natural HPV-16 E6 sequence variations, were linearized by using HindIII. One microgram of linearized DNA was transcribed in vitro according to the instructions of the supplier (Promega, Mannheim, Germany). For in vitro translation, 3-5 mg RNA was used with 0.5 mL nuclease-treated rabbit reticulocyte lysate (Promega) in the presence of 200 mCi 35 S-cysteine, according to the instructions of the supplier. RIPA was performed overnight at 4ЊC by rocking the mixture containing 2-5 mL protein lysate, 10 mL human serum, 40 mL protein A-Sepharose (Serva, Heidelberg, Germany) washed in PBS and diluted 1 : 1 in PBS and RIPA buffer (0.1 M NaCl; 1% NP40; 0.1 M Tris/HCl, pH 8.0) in a final volume of 250 mL. The Sepharose beads were washed 5 times in 500 mL RIPA buffer and resuspended in 20 mL twice-concentrated SDS gel-loading buffer (0.1 M Tris/HCl, pH 6.8; 0.2 M dithiothreitol; 4% SDS; 0.2% bromophenol blue; and 20% glycerol) and heated at 95ЊC for 5 min. The immunoprecipitated proteins were analyzed on 15% SDS polyacrylamide gels. The gels were incubated in 1 M sodium salicylic acid for 30 min, and the antigens were detected by autoradiography, as shown in a representative experiment (figure 1). A strongly reacting rabbit polyclonal anti-HPV-16 E6 antiserum (raised against the HPV-16 E6/1 peptide aa 1-23) or the HPV-16 E7-specific monoclonal antibody IV, described by Oltersdorf et al. [11] , and 3 control sera of HPV-and cytology-negative women were included in each experiment with a specific HPV-16 E6 or E7 antigen. Each sample was tested twice, and only the sera that scored positive in both assays were considered seropositive.
Protein-ELISA. To detect antibodies against E6 and E7 proteins of HPV-16 and HPV-18, we used a protein ELISA as described elsewhere [5] , but with minor modifications. Complete, highly purified and refolded E6 (900 ng per well) and E7 (200 ng per well) proteins were used as antigens. Cutoff values (0.044 for HPV-16 E6, 0.029 for HPV-16 E7, 0.048 for HPV-18 E6, and 0.033 for HPV-18 E7) were calculated from a control group as mean ϩ 3 SD of net optical densities, excluding all positive outliers. For each serum sample from a cervical cancer patient, 2 control samples from age-matched healthy women were used ( ), selected from n = 68 a larger serum collection ( ) representative of the general n = 1644 population of German women [12, p. 8]. 
Each amino acid is represented by the 3-and 1-letter code. The amino acid positions are compared with those of the prototype protein [13] . Dashes indicate an amino acid identical to that of the prototype. Statistical analyses. Statistical analysis was done by using x 2 or Fisher's exact test when frequencies were !5. For comparison of the prototype and variants according to the age distribution in different disease categories, the Mann-Whitney U test was used. In analyzing seropositivity and seronegativity with respect to FIGO stages, a P value !.05 was considered significant for a and for a multiple with P adjustment. The k statistic was used to detect agreement in antibody positivity between ELISA and RIPA. Values of k express the proportion of possible agreement beyond chance. A k estimate !.4 represents poor agreement, a k estimate .4-.75 represents fair-to-good agreement, and a k estimate 1.75 indicates excellent agreement.
Results
Detecting antibodies against the prototype E6 and E7 proteins by ELISA versus RIPA. Thirty-four sera from HPV-16 DNApositive cervical cancer patients, who were previously analyzed in an HPV-16 E6 and E7 sequence-variation study [10] , were examined. Prototype nucleotide sequences of the E6 and E7 ORFs were found in 44% and 85% of patients, respectively, and variants were found in 56% and 15%, respectively. Antibodies against the complete HPV-16 E6 and E7 prototype proteins were assayed by ELISA and RIPA. When tested with all the HPV prototype proteins analyzed, only 1 of 68 control sera reacted with HPV-16 E7 by ELISA. Overall reactivity against E6 and E7 was found in 19 (56%) and 12 (35%), respectively, of the 34 samples by ELISA versus 27 (79%) and 11 (32%) by RIPA. No significant difference was found for the distribution of DNA of HPV-16 E6 and E7 variants in relation to seropositive or seronegative status, independent of the detection method. No sera negative by RIPA showed reactivity by ELISA for HPV-16 E6. Antibodies against E7 were found in 12 sera by ELISA versus 11 sera by RIPA. In total, 7 sera showed no reactivity with E6 or E7 or both types of antigens when tested by using ELISA or RIPA or both.
To estimate the analytical sensitivity of each method, we performed dilution experiments, using a serum sample with low reactivity and another with high reactivity. The analytical sensitivity of the ELISA (final volume 100 mL) versus RIPA (final volume 250 mL) was 1 : 1600 versus 1 : 250 in the serum with low reactivity and 1 : 25,600 versus 1 : 2500 in the serum with high reactivity. The HPV type specificity of both methods was determined by analyzing the reactivity of the HPV-16 DNA-positive patients' sera against HPV-18 E6 and E7 antigens. Only 1 serum showed a reaction with HPV-18 E7 (OD, 0.249), and no sera reacted with HPV-18 E6 by ELISA. Antibodies against HPV-18 E6 or E7 were detected in 3 and 0 sera, respectively, by RIPA.
Antibody response against variant HPV-16 E6 by RIPA. All E6-variant antigens reacted during RIPA with the rabbit polyclonal anti-HPV-16 E6 antiserum raised against the HPV-E6/ 1 peptide aa 1-23. Sera negative for antibody to HPV-16 E6 or E7 or both, as determined by both detection methods, were from patients infected with HPV-16 E6 prototype in 2 patients, variant 350G (L83V) in 3 patients, and variant 131G (R10G)/ 350G (L83V) in 2 patients. To investigate the possible lack of reactivity or cross-reactivity of sera with each variant protein, we have reanalyzed all sera with these 2 variant antigens and, in addition, with 3 further variants: 335T (H78Y)/350G (L83V), 345G (Y81C)/350G (L83V), and 132T (R10I)/143G/145T (Q14D)/286A/289G/335T (H78Y)/403G (Af2) (table 1). We observed no difference in reactivity in sera of cervical cancer patients with the prototype or any of the variant antigens, as shown in a representative experiment ( figure 1) . To test the quality of these nonreacting sera, they were analyzed for the presence of IgG antibodies against Epstein-Barr virus and cytomegalovirus antigens. All were positive for antigens of у1 of the 2 viruses.
Discussion
Our results revealed sequence variations leading to an amino acid change in the HPV-16 E6 protein, but not in the E7 protein, in 56% of the patients with cervical cancer. Examination of the antibody response against HPV-16 E6 variants showed crossreactivity among 6 natural HPV-16 E6 proteins (including the prototype).
High specificity of the protein ELISA for E6 and E7 of HPV types 16 and 18 was reported [5] . We observed cross-reactivity of HPV-16 and HPV-18 in only 1 serum by ELISA and in 3 sera by RIPA in HPV-16 DNA-positive cervical cancer patients, confirming earlier reports.
In contrast to the numerous genotypic analyses, only 2 serological studies using different HPV-16 L1-variant antigens had been done, and no different serotypes were found [14, 15] . Cheng et al. [14] investigated 2 HPV-16 L1-variant antigens with 1 (northern Europe variant) and 8 (central African variant) amino acid changes. Both variant strains were serologically cross-reactive. Touze and coworkers [15] reported serological cross-reactivity of 3 variants of HPV-16 L1, with 1 (Philippine Downloaded from https://academic.oup.com/jid/article-abstract/181/5/1764/2191768 by guest on 27 February 2019 type), 4 (Algeria type), and 8 (Senegal type) amino acid changes, indicating that HPV-16 L1 variants belong to the same serotype. We analyzed the prototype and 5 variants of HPV-16 E6 antigens with 1, 2, and 3 amino acid changes in serum samples from patients with cervical cancer (table 1). The same seroreactivity was observed for all antigens used ( figure 1) . Thus, the cross-reactivity of variant antigens in all sera from cervical cancer patients indicates that these 5 HPV-16 E6 variants do not define different serotypes. These findings are in accordance with the observations made with HPV-16 L1 variants.
In this study, 21% of sera from HPV-16 DNA-positive cervical cancer patients lacked antibodies against 5 HPV-16 E6 variants and the prototype. No sera showed reactivity, even when the corresponding antigen was used, indicating that some cervical cancer patients lack antibodies against E6. Thus, HPV-16 E6 variants need not be used in serological testing for cervical cancer.
